Background and Purpose: Infarct volume is one of the common indexes for assessing the extent of ischemic brain injury following focal cerebral ischemia. Accuracy in the measurement of infarct volume is compounded by postischemic brain edema that may increase brain volume in the infarcted region. We evaluated the effect of brain edema on infarct volume determined by triphenyltetrazolium chloride and hematoxylin and eosin stains in a focal cerebral ischemia model in rats.
Background and Purpose: Infarct volume is one of the common indexes for assessing the extent of ischemic brain injury following focal cerebral ischemia. Accuracy in the measurement of infarct volume is compounded by postischemic brain edema that may increase brain volume in the infarcted region. We evaluated the effect of brain edema on infarct volume determined by triphenyltetrazolium chloride and hematoxylin and eosin stains in a focal cerebral ischemia model in rats.
Methods: In a middle cerebral artery occlusion model in rats, infarction is confined to the cerebral cortex. The infarct was delineated by triphenyltetrazolium chloride stain and, in selected samples, by hematoxylin and eosin stain. We determined infarct size at different times after the ischemic insult (6 hours to 7 days) in relation to the evolution of brain edema by the direct measurement of infarct volume. Indirect measurement to reduce the effect of edema on infarct volume was also conducted in the same brain samples.
Results: Direct measurement showed that infarct volume fluctuated with the evolution of brain edema (one-way analysis of variance, p<O.0001). Infarct volume determined by indirect measurement was independent of the extent of brain edema and remained stable from 6 hours to 3 days after ischemia. There was a good correlation between triphenyltetrazolium chloride and hematoxylin and eosin stains in delineating infarct volume with both direct and indirect measurement.
Conclusion: Traditional direct measurement of infarct volume is associated with an overestimation of infarct volume during the development of brain edema in the first 3 days after ischemia. This artifact can be reduced with indirect measurement, which is based on ately above the rhinal fissure with 10-0 suture. Complete interruption of blood flow was confirmed under an operating microscope. Both common carotid arteries were then occluded using nontraumatic aneurysm clips. After the predetermined duration of ischemia (90 minutes), the aneurysm clips were removed from both common carotid arteries. Restoration of blood flow in all three arteries was observed directly under the microscope. In a separate study of the correlation between two tissue stains (see below), rats with variable durations of ischemia (30-90 minutes) were used. Free access to food and water was allowed after recovery from anesthesia. All rats were kept in air-ventilated incubators at 24±0.5°C until the end of the experiment (6 hours to 7 days).
After a predefined reperfusion period of 6 hours or 1, 3, or 7 days, the rats were killed under ketamine anesthesia by intracardiac perfusion with 200 ml of 0.9% NaCl. The brain was removed carefully and cooled in ice-cold saline for 5 minutes, then dissected into coronal 2-mm sections using a Jacobowitz brain slicer (Zivic-Miller Laboratories, Inc., Allison Park, Pa.). For the delineation of infarct area, the brain slices were incubated in isotonic phosphate-buffered saline (pH 7.4) containing 2% triphenyltetrazolium chloride (TTC) (Sigma Chemical Co., St. Louis, Mo.) at 37°C for 30 minutes and then stored in 10% neutral buffered formalin. The effect of brain edema on infarct volume has been noted previously using hematoxylin and eosin (HE) stain.2 We sought to determine if the distortion of infarct volume by brain edema was different using two different techniques, namely, TTC and HE stains. In a separate study correlating infarct volumes determined by TTC versus HE stain, brains from rats subjected to ischemia for 30-90 minutes were processed for TTC stain first. After measurement of infarcted and noninfarcted areas in the right hemisphere and of total cortex area in the left hemisphere (see below), the formalinfixed brain slices were embedded in Lipshaw embedding matrix (Detroit, Mich.) and 20-gm slices from the middle of the 2-mm brain slices were prepared using a microtome and then stained with HE. Infarcted and noninfarcted areas in these thin slices were determined using a technique similar to that described below for TTC stain.
For morphometric measurement of infarct volume, both direct and indirect methods were employed for the same brain samples. Morphometric determination of infarct volume by the direct method has been described previously.4 Briefly, the cross-sectional area of infarction in the cerebral cortex of the right MCA territory of each brain slice was measured by a Drexel University image analyzer (DUMAS). Total infarct volume for each brain was calculated by summation of the infarcted area of all brain slices (area of infarct in square millimetersxthickness [2 mm]) from the same hemisphere. The indirect method followed a formula similar to that proposed by Swanson et a17: RI=LT-RN, where RI= infarct volume in the right hemisphere measured by the indirect method, LT= total cortex volume in the left hemisphere of the same brain, and RN=noninfarcted cortex volume in the right hemisphere of the same brain. Total cortex volume in the right hemisphere of the same slice (RT) can be calculated as RT=RN+RI. The two formulas are valid only if LT=RT in normal brain. This contention is supported by the measurement of LT and RT in four normal rat brains ( Table 1 ). The volumes for each category (noninfarcted cortex in the right hemisphere, total cortex in the left hemisphere, etc.) were derived from morphometric measurement of the respective category's area in each brain slice followed by summation of areas in the same category from all slices in a brain as described above for the direct measurement of infarct volume.
The extent of postischemic brain edema was determined by the wet-and dry-weight method 6 hours to 7 days after the ischemic insult. The rats were decapitated under anesthesia. The cerebral cortex in the right MCA territory was dissected in a wet chamber saturated with water vapor.12 The cortex was then separated from the subcortical structures. The wet weight was determined immediately. The dry weight was determined after drying the tissue to a constant weight at 100°C. Tissue water content was calculated as % H2O=(1-dry wt/wet wt) x 100%. 13, 14 Statistical Analysis
To compare multiple means of infarct volume and water content, statistical analysis was performed using one-way analysis of variance. The level of significance for a difference between two groups was further analyzed with post-hoc Tukey's protected t tests using statistical software (GB-STAT 2.1, Dynamic Microsystems, Inc., Silver Springs, Md.). A probability value of less than 0.05 was considered to be significant. To determine the relation between infarct areas and volumes determined by the two different stains (TTC and HE), linear regression was employed. Infarct area or volume based on TTC staining was regressed on that determined by HE staining. Equality of slopes and intercepts of the least-square lines were tested according to Snedecor and Cochran.15 Differences in infarct areas and volumes defined by TTC and HE stains and measured by the direct and indirect methods, respectively, were also assessed by independent t tests using the SAS statistical package (SAS Institute, Inc., Cary, N.C.). (Figures 1 and 2 ). The correlations of infarct area between TTC and HE stains were similar for brain slices prepared from 1-and 3-day-old infarcts. In a few brains with all slices successfully prepared for HE stain, infarct volumes determined by HE stain were highly correlated with those determined by TTC stain using both direct and indirect measurement (Figures 3 and 4) . Linear regression revealed no significant difference in the slopes and intercepts of the least-square lines for TTC versus HE stains for 1-or 3-day-old infarcts. prospective slices with infarction. m, 1-day-old slices; *, 
